Home dialysis, which comprises peritoneal dialysis (PD) or home hemodialysis (home HD), offers patients with ESRD greater flexibility and independence. Although ESRD disproportionately affects racial/ethnic minorities, data on disparities in use and outcomes with home dialysis are sparse. We analyzed data of patients who initiated maintenance dialysis between 2007 and 2011 and were admitted to any of 2217 dialysis facilities in 43 states operated by a single large dialysis organization, with follow-up through December 31, 2011 (n=162,050, of which 17,791 underwent PD and 2536 underwent home HD for $91 days). Every racial/ethnic minority group was significantly less likely to be treated with home dialysis than whites. Among individuals treated with in-center HD or PD, racial/ethnic minorities had a lower risk for death than whites; among individuals undergoing home HD, only blacks had a significantly lower death risk than whites. Blacks undergoing PD or home HD had a higher risk for transfer to in-center HD than their white counterparts, whereas Asians or others undergoing PD had a lower risk than whites undergoing PD. Blacks irrespective of dialysis modality, Hispanics undergoing PD or in-center HD, and Asians and other racial groups undergoing in-center HD were significantly less likely than white counterparts to receive a kidney transplant. In conclusion, there are racial/ethnic disparities in use of and outcomes with home dialysis in the United States. Disparities in kidney transplantation evident for blacks and Hispanics undergoing home dialysis are similar to those with in-center HD. Future studies should identify modifiable causes for these disparities. a Of patients with an assigned modality during the first 91-day period of dialysis (n=1896). b Includes Medicare Advantage plans, managed care Medicaid, and employer-based health insurance.
The treatment of ESRD with maintenance dialysis requires patients to make substantial and sustained changes to their lifestyle to accommodate the dialysis schedule. The magnitude of effect on patients' lives is amplified by the high burden of disease, because many of these individuals also have multimorbidity, experience frequent care transitions, and have a high pill burden. 1, 2 The effect can be mitigated by patients selecting a dialysis modality that best meets their lifestyle needs and expectations, because hemodialysis (HD) can be performed either in center or at home and peritoneal dialysis (PD) can be performed at home. 3 In the last 5 years, the number of patients undergoing home dialysis in the United States has increased by .50%. 4 Given that racial/ethnic minorities comprise a substantially larger proportion of patients with ESRD than the general population, this increasing use of home dialysis makes it imperative to examine racial/ethnic differences in the use of and outcomes with PD and home HD. Data from the national registry of patients on dialysis indicate that racial/ethnic minorities are less likely to be treated with home dialysis (PD or home HD). 1, 5 Given the disparate effects of each dialysis modality on patients' lifestyle, it is important to ensure that this represents informed choice by patients or is dictated by their clinical condition rather than resulting from disparities in access to home dialysis. However, no study has examined whether the lower use of home dialysis by racial/ethnic minorities reflects differences in age, body size, or overall health, each of which is an important determinant of an individuals' ability to engage in self-care dialysis. Furthermore, there is substantial paucity of data for racial/ethnic differences in outcomes with home dialysis, such as the risk for death or transfer to in-center HD. [6] [7] [8] [9] There are no such data for Hispanics or Asians treated with PD and outcomes by race/ ethnicity for any population of patients treated with home HD.
In addition, racial/ethnic minorities are less likely to receive a kidney transplant. 1, 10 Patients undergoing home dialysis are healthier, have better social support and socioeconomic status, and assume greater responsibility for their own care. 3, 11, 12 It is, thus, reasonable to postulate that racial/ethnic disparities in transplantation rates may not exist among individuals undergoing PD or home HD. However, this question has thus far not been examined.
Using data from a large dialysis provider in the United States, we undertook this study to test two hypotheses: (1) in patients starting maintenance dialysis, the underuse of home dialysis by racial/ethnic minorities cannot be explained by differences in age and health status; and (2) as with patients undergoing in-center HD, there are significant racial/ethnic differences in all-cause mortality, transfer to in-center HD, and kidney transplantation in individuals undergoing home dialysis.
RESULTS

Study Population
Between January 1, 2007 and December 31, 2011, 162,664 patients started maintenance dialysis in 2217 facilities operated by a single dialysis provider in 43 states and the District of Columbia. The analytic cohort comprised 162,050 patients with known race/ethnicity; this included 17,791 patients who underwent PD in 953 dialysis facilities and 2536 patients who underwent home HD in 423 dialysis facilities (Supplemental Figure 1 ). This also included 131 patients who were treated with PD and home HD at separate time points. Patient characteristics for the cohort stratified by race/ethnicity are summarized in Table 1 . White patients were older and more likely to be men than other racial/ethnic groups. Black patients were more likely to have hypertension, and Hispanics were more likely to have diabetes.
Racial/Ethnic Differences in Treatment with PD or Home HD Compared with whites, the adjusted odds for treatment with PD were significantly lower for every racial/ethnic group ( Figure 1A , Supplemental Table 1 ). The difference was least pronounced for Asians, who had 18% lower odds of being treated with PD, and most marked for blacks. The adjusted odds for treatment with home HD was also significantly lower for every racial/ethnic group compared with whites ( Figure  1B , Supplemental Table 1 ). The largest difference was for Hispanics, with 75% lower odds for treatment with home HD, Disparities in Home Dialysis and the smallest difference was for Asians. The racial/ethnic differences in use of home dialysis were similar irrespective of initial primary health insurance at the time of admission to the dialysis facility ( Figure 2 ).
Racial/Ethnic Differences in Risk of Death by Modality
The differences by race/ethnicity for patients treated with PD or home HD at the time of start of treatment with the respective home dialysis modality are summarized in Tables 2 and 3 , respectively; the differences in characteristics of patients by race/ethnicity treated with in-center HD were similar to the entire cohort and are summarized in Supplemental Table 2 .
Over a period of 13 (interquartile range, 7-23) months, 2326 patients (13%) died while being treated with PD (10 deaths per 100 patient-years). Compared with whites, the adjusted risk of death was significantly lower in every racial/ethnic group (Figure 3 , Supplemental Table 3 ). Of 2536 patients treated with home HD, 215 individuals (8%) died over the follow-up period of 11 (interquartile range, 6-17) months (7 deaths per 100 patientyears). Compared with whites, the risk for death was significantly lower among blacks but similar for other racial/ethnic groups treated with home HD (Figure 2 , Supplemental Table 3 ). Among 140,389 patients treated with in-center HD, 33,937 patients (24%) died over the follow-up period of 16 (interquartile range, 7-30) months (15 deaths per 100 patient-years). Compared with whites, the adjusted risk for death was significantly lower in every racial/ethnic group (Figure 2 , Supplemental  Table 3 ).
Racial/Ethnic Differences in Transfer to In-Center HD for Patients Treated with PD or Home HD
Of the patients treated with PD or home HD, 3138 (18%) and 436 (17%) patients, respectively, transferred to in-center HD (13 and 15 transfers per 100 patient-years, respectively). Black patients treated with PD or home HD had a significantly higher risk for transfer to in-center HD (Figure 3 , Supplemental Table  4 ). There was no significant difference in adjusted hazards for Hispanics treated with PD or home HD to transfer to in-center HD. Although Asians and other racial groups treated with PD had lower risks for transfer to in-center HD, there was no significant difference in risk for these groups treated with home HD compared with whites ( Figure 4 , Supplemental  Table 4 ).
Racial/Ethnic Differences in Receiving a Kidney Transplant by Modality
During the follow-up period, 1435 (8%), 221 (9%), and 4580 (3%) patients undergoing PD, home HD, and in-center HD, respectively, received a kidney transplant (yielding six, eight, and two transplants per 100 patient-years, respectively). Compared with whites, the probability of receiving a kidney transplant was significantly lower among blacks irrespective of dialysis modality, Hispanics treated with PD or in-center HD, and Asians and others undergoing in-center HD ( Figure 5 , Supplemental Table 5 ).
DISCUSSION
Analysis of this large, contemporary, and nationally representative cohort of patients initiating maintenance dialysis provides the first comprehensive assessment of racial/ethnic differences in use of and outcomes with home dialysis and allows us to make a few key conclusions. First, every racial/ethnic minority group in the United States is significantly less likely to be treated with home dialysis than whites, and demographic and clinical characteristics are insufficient to explain this differential use. Second, as for patients treated with in-center HD, racial/ethnic minorities treated with PD have a significantly lower risk of death than whites and a significantly lower probability of receiving a kidney transplant. Third, blacks treated with home HD had a lower risk of death and a lower probability of undergoing kidney transplantation compared with whites. Fourth, the risk for transfer to in-center HD was significantly higher for blacks treated with PD or home HD and lower for Asians and others treated with PD compared with whites.
The national registry of patients on dialysis, the US Renal Data System, has long reported that racial/ethnic minorities are significantly less likely to use PD or home HD. 1 Our analysis indicates that demographic and clinical differences are insufficient to explain the lower use of home dialysis by racial/ethnic minorities. Each minority group was significantly younger and had a lower prevalence of coexisting cardiovascular illnesses, factors generally associated with a greater use of home dialysis. 5, [12] [13] [14] Moreover, there were no meaningful differences in laboratory parameters as surrogate measures of health to explain the lower use of home dialysis. In the absence of demographic and clinical variables explaining the differential use, it is likely that these differences may arise from patient preferences, social differences (such as sufficient space at home and ability to afford the incremental expense of utilities), or factors associated with health care delivery (such as availability of predialysis nephrology care or home dialysis in communities where minorities live) or physician or provider perception of patients' ability to perform home dialysis. Most of these issues have never been systematically examined with two exceptions. First, in an analysis of the period from 1995 to 2003, the availability of PD services was demonstrably incongruent with the population density of ESRD. 15 Second, two separate studies have shown that patients who live in black majority communities or are treated in facilities located in such communities are significantly less likely to have received predialysis nephrology care. 16, 17 No such data are available for other racial/ethnic groups. The need to ensure equitable access to home dialysis is even more urgent now as the use of both PD and home HD are seeing unprecedented and rapid growth, and these racial/ethnic differences need additional investigation.
Our analysis is the first multicenter and nationally representative cohort study to compare the racial/ethnic differences in mortality among patients treated with PD or home HD in the United States. The lower risk for death in racial minorities treated with PD compared with whites is consistent with what has been previously reported using data from the US Renal Data System, one single center of patients on PD in the United States, and a multicenter cohort study from Brazil. 1, 6, [18] [19] [20] [21] Minority populations treated with PD in our cohort were younger and had fewer coexisting illnesses; hence, it is possible that the differences reflect residual confounding. Several hypotheses have been put forth to explain the better health status of minorities starting dialysis, such as higher risk for death in minorities in early stages of kidney disease or renal-limited disease, particularly in blacks. However, there is no direct evidence to support any of these hypotheses. It is also possible that the lower transplantation rate in racial/ethnic minorities may have made it more likely for the minority group to be enriched with healthier patients over longer follow-up. However, our analytic plan using competing risk regression took into account this potential source of bias. To our knowledge, the lower risk for death among blacks treated with home HD compared with whites has heretofore not been reported. The number of deaths among other racial/ethnic groups was very small, and hence, our analyses did not have sufficient statistical power for us to definitively conclude if their survival differs from that of whites treated with home HD. We also observed a significantly higher likelihood of blacks treated with PD or home HD to transfer to in-center HD. Although a higher risk for blacks has been reported in several but not all studies of patients treated with PD, our investigation is the first to show this for patients undergoing home HD. [6] [7] [8] [9] In contrast, Asians and others treated with PD had a lower risk for transfer to in-center HD compared with whites. Transfer to in-center HD, also referred to as technique failure, often results from an intercurrent therapy-related complication (such as peritonitis with PD), change in health status or social circumstances that precludes self-care, or patient burnout. Some studies have shown a higher risk for peritonitis among blacks 22, 23 ; there are no such studies that have examined differential risk for any of these events for any other racial group treated with PD or among those treated with home HD. It is also possible that some of these differences reflect biologic responses to disease and/or treatment. There is a need to understand these issues better, because transfer of patients on home dialysis to in-center HD often results in significant morbidity for patients and incurs considerable expense to the health care system. 24 There is also a compelling need to develop and test interventions that mitigate the racial differences in risk for transfer to in-center HD.
Our study also shows that, even among patients treated with PD, racial/ethnic minorities are significantly less likely to receive a kidney transplant. Although racial disparities in access to transplantation are well established and also evident in our cohort of patients undergoing in-center HD, the persistence of this difference in the subgroup of patients undergoing PD is surprising. In the United States, patients treated with PD are significantly more likely to receive kidney transplant, probably because these individuals are younger and healthier, have a higher socioeconomic status, and are motivated to engage in self-caremedical and social characteristics that are all associated with a higher probability of receiving a kidney transplant. 11 Furthermore, minorities treated with PD were significantly younger than whites. Future studies need to examine racial differences in probability of being referred for kidney transplant, effect of insurance coverage, particularly for Hispanics, on such referral, and time to listing. Among patients undergoing home HD, disparities were evident only for blacks and not for other racial/ ethnic groups. This is likely to represent the relatively small number of events in these other groups, making our analyses underpowered to make definitive conclusions.
There are several reasons why our study has considerable external validity. The study cohort included patients from .2000 dialysis facilities in 43 states and the District of Columbia and included substantial granularity of data on clinical characteristics, including results of laboratory tests and medication use that have heretofore not been available for patients undergoing home dialysis. In that context, this is the largest cohort of patients on home HD ever described. Notwithstanding the strength, our findings have to be interpreted in light of their limitations, which primarily stem from the lack of availability of data on socioeconomic characteristics or predialysis care that could have shed light on the reasons for racial/ethnic differences described herein.
In conclusion, there are substantial racial/ethnic differences in use of and outcomes with home dialysis in the United States. Because ESRD disproportionately afflicts racial/ethnic minorities, understanding the reasons for the racial/ethnic differences in patient-centered outcomes is imperative to make sustainable improvements for the entire population of patients undergoing maintenance dialysis. With an unprecedented growth in the number of patients undergoing home dialysis in the United States, ensuring equitable access and improving health outcomes for patients undergoing PD and home HD have become even more important.
CONCISE METHODS
Study Population and Data Source
This cohort study comprised all patients $18 years of age who initiated maintenance dialysis in 2007-2011, had data on race/ethnicity available, and received care in facilities operated by DaVita Inc. for at least 60 days. Follow-up data were available through December 31, 2011. The study cohort was divided into five groups on the basis of race/ethnicity as white, black, Hispanic, Asian, or other.
The entire follow-up period for each patient was divided into successive 91-day periods from the date of first dialysis, and follow-up was available for #5 years. Each patient was assigned the dialysis modality (PD, home HD, or in-center HD) with which they were treated for .45 days of any given 91-day period as long as the patient was exposed to the modality for 60 consecutive days (which may have spanned more than one 91-day period). 12 Patients were labeled as having ever been treated with PD or home HD if they were assigned to the treatment modality for at least one 91-day period during followup. The analyses for patients treated with in-center HD were limited to individuals who were not treated with any other dialysis modality at any point during follow-up. The dialysis access with which the patient was treated for .45 days was assigned as the access for each 91-day period. Each patient was also assigned a dialysis facility where the patient received care for .45 days in a given 91-day period. All routine blood and dialysate samples were shipped to a central laboratory and analyzed within 24 hours of collection; the results were summarized for each 91-day period as arithmetic means. Similarly, all hemodynamic parameters and doses of parenteral medications were summarized for each 91-day period. 
Outcomes
The association of race/ethnicity with treatment with PD or home HD at any follow-up period was examined for all patients starting maintenance dialysis. The racial/ethnic differences in the following three treatment outcomes were examined separately for each dialysis modality (PD, home HD, and in-center HD): (1) all-cause mortality, (2) transfer to in-center HD (among patients treated with PD or home HD), and (3) kidney transplantation. The follow-up period comprised the interval from the date of first treatment with the modality to the occurrence of one of the following events (whichever occurred first): kidney transplantation, transfer to a facility operated by another dialysis provider, end of Figure 4 . Association of race/ethnicity with transfer to in-center HD among patients undergoing PD or home HD. Unadjusted and adjusted hazards ratio for blacks, Hispanics, Asians, and others for transferring to in-center HD among those treated with (A) PD and (B) home HD. Hazard ratios are presented for models that are (1) unadjusted; (2) adjusted for age, sex, and diabetes; and (3) fully adjusted. Compared to whites, the hazards ratios, adjusted for age, gender, and diabetes mellitus, and 95% confidence interval for transfer to in-center HD among those treated with (A) PD: black, 1.37 (1.26, 1.49); Hispanic, 1.07 (0.96, 1.19); Asian, 0.74 (0.60, 0.91); and other, 0.86 (0.69, 1.06); and (B) home HD: black, 1.41 (1.12, 1.77); Hispanic, 1.45 (0.97, 2.16); Asian, 0.56 (0.25, 1.28); and other, 1.13 (0.60, 2.14). Figure 5 . Association of race/ethnicity with probability of receiving kidney transplantation among patients undergoing PD or home HD. Unadjusted and adjusted hazards ratios for blacks, Hispanics, Asians, and others for receiving a kidney transplant among those treated with (A) PD, (B) home HD, and (C) in-center HD. Hazard ratios are presented for models that are (1) unadjusted; (2) adjusted for age, sex, and diabetes; and (3) fully adjusted. Compared to whites, the hazards ratios, adjusted for age, gender, and diabetes mellitus, and 95% confidence interval for undergoing kidney transplantation among those treated with administrative follow-up, or death. In addition, for the analyses of death or kidney transplantation among patients treated with PD or home HD, individuals were also censored at the time of transfer to in-center HD.
